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(1) $n:Xarrow \mathbb{Z}$ $\gamma(x)=\alpha^{n(}$ x.)(x) $\gamma$
$[\alpha]$ $(X, \alpha)$
(2) $n:Xarrow \mathbb{Z}$ $\gamma(x)=\alpha^{n(}$x)(x) $\gamma$
$[[\alpha]]$ $(X, \alpha)$
$x\in X$ ($\alpha$ )
$O(x)=\{\alpha^{n}(x):n\in \mathbb{Z}\}$
$\gamma\in[\alpha]$ $x\in X$ $\gamma(x)\in O$ (x)
$\gamma$ $\gamma$
$O$ (x) $O$ (x)
$X$ $X$ $\mathbb{Z}$
$X$ $X$ $\mathbb{Z}$





$x\in X$ $n\in \mathrm{N}$ $\alpha$
$x,$ $\alpha(x),$ $\ldots$ , $\alpha^{n-1}$ (x) $n$ $x\in X$
$U$ $U,$ $\alpha(U),$
$\ldots$ , $\alpha^{n-1}$ (U) $n$ 2
$\gamma\in \mathrm{H}\mathrm{o}\mathrm{m}\mathrm{e}\mathrm{o}(X)$
$\gamma(_{\sim}’)\dashv$





$\alpha^{n-2}$ (U) $\alpha$ $\alpha^{n-1}$ (U)
$n-1$ $U$ $\gamma$
$[[\alpha]]$ $\gamma^{n}=\mathrm{i}\mathrm{d}$ $[[\alpha]]$ $D([[\alpha]])$




$\gamma(x)\in Oc$ (x) $\gamma$ $O_{G}$ (x) $x\in X$
$G$















3([GPS]). (X, $\alpha$ ) $(\mathrm{Y}, \beta)$ $G\subset[\alpha]$ $H\subset[\beta]$
$\pi$ : $Garrow H$ $X$ $\mathrm{Y}$





$x\in X$ ($\alpha$ )
$O^{+}(x)=\{\alpha^{n}(x) : n\in \mathrm{N}\}$
$O^{-}(x)=\{\alpha^{1-n}(x) : n\in \mathrm{N}\}$
$(X, \alpha)$ $\mathrm{A}\mathrm{F}$ $[[\alpha]]_{x}$
$[[\alpha]]_{x}=\{\tau\in[[\alpha]] : \tau(O+(x)) =O^{+}(x)\}$
$\tau\in[\alpha]$ $\tau(O(x))=O$ (x) $\tau(O^{+}(x))=O^{+}(x)$







$N\in \mathrm{N}$ $|n(z)|\leq N$
$O^{+}(x)\cap\gamma(O^{-}(x))\subset\{\alpha(x),\alpha^{2}(x), \ldots, \alpha^{N}(x)\}$
$O^{-}(x)\cap\gamma(O^{+}(x))\subset$ { $x,$ $\alpha^{-1}($x), . . . , $\alpha^{1-N}(x)$ }
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$I$ (\gamma ) well-defined $I$ : $[[\alpha]]arrow \mathbb{Z}$
$I$
$[[\alpha]]$ $(X, \alpha)$ $C^{*}(X, \alpha)$
( $C$(X) )
[GPS] $I$ : $[[\alpha]]arrow \mathbb{Z}$
2 $\tau_{1},$ $\tau_{2}\in[[\alpha]]$ $I(\tau_{1}\tau_{2})=I(\tau_{1})+I(\tau_{2})$
(
) $I$ $x\in X$









5([GPS]). $(X, \alpha)$ $[\alpha],$ $[[\alpha]],$ $[[\alpha]]0,$ $[[\alpha]o]_{e}$
3
(1)[\mbox{\boldmath $\alpha$}] $(X, \alpha)$
(2) $[[\alpha]]$ $(X, \alpha)$ ffip conjugacy
(3) $[[\alpha]]_{0}$ $(X, \alpha)$ ffip conjugacy
(4) $[[\alpha]]_{x}$ $(X, \alpha)$
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2 $\mathrm{A}\mathrm{F}$
$(X, \alpha)$ $x\in X$ $\mathrm{A}\mathrm{F}$ $[[\alpha]]_{x}$
$x$ $\{U_{n}\}_{n}$ $U_{n+1}\subset U_{n}$
$\bigcap_{n}U_{n}=\{x\}$ $U_{n}$ -Rohlin
$\mathcal{P}n=\{X(n, v, k) : v\in V_{n}, k=1,2, \ldots, h(\prime v)\}$
$R(P_{n})=\cup X(n, v, h(v))=U_{n}v\in V_{n}$
$\{\mathcal{P}_{n}\}_{n}$ $X$
v\in V $\pi$ {1, 2, $\ldots,$ $h$ (v)}
$\tau_{\pi}$
$\tau_{\pi}(z)=\{$
$\alpha^{\pi(k)-k}(z)$ $z\in X(n, v, k)$
$z$ otherwise





















$D$ ([[\mbox{\boldmath $\alpha$}]\mapsto G\sim $G_{n}$ $\oplus_{v\in V_{n}}S$h(v)
$D$ (Gn) $\oplus_{v\in V_{n}}A_{h(\cdot v)}$
7. $D([[\alpha]]_{x})$ $[[\alpha]]_{x}/D([[\alpha]]_{x})$
$K^{0}$ (X, $\alpha$ ) $/2K^{0}(X, \alpha)$
Proof. $D([[\alpha]]_{x})$ $D$ (G,,) $D$ (Gn) $\oplus_{v\in 4}A$h(.v)






$\mathbb{Z}_{2}^{V_{n}}$ $K^{0}$ (X, $\alpha$ ) $\mathbb{Z}^{V_{n}}$
$[[\alpha]]_{x}/D([[\alpha]]_{x})$ $K^{0}(X, \alpha)/2K^{0}(X, \alpha)$
8. [[\mbox{\boldmath $\alpha$}]] $K^{0}$ (X, $\alpha$) $/2K^{0}$ (X, $\alpha$ ) sgn
$\mathbb{Z}_{2}$ $[[\alpha]]_{x}$ $\tau$
$X$ $(X, \alpha)$ $\mathrm{s}\mathrm{g}\mathrm{n}(\tau)$





$n^{-1}$ (k) $\tau$ $k$
$V_{k}\subset n^{-1}$ (k) $V_{k},$ $\tau(V_{k}),$ $\ldots,$ $\tau^{k-1}(V_{k})$
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E $[[\alpha]]$ $\mathbb{Z}$ $I$ $[[\alpha]]_{0}$
9. (X, $\alpha$) $x,$ $y\in X$
$[[\alpha]]_{0}=[[\alpha]]_{x}[[\alpha]]_{y}$ $\tau\in[[\alpha]]_{0}$ $\tau_{1}\in[[\alpha]]_{x}$
$\ovalbox{\tt\small REJECT}\in[[\alpha]]_{y}$ $\tau=\tau_{1}\tau_{2}$















1 $(\dot{X}, \alpha)$ $[[\alpha]]$ l
$[[\alpha]]$
$[[\alpha]]_{0}$ 2 ( $[[\alpha]]$





$SL(2, \mathbb{R})$ $SO(2, \mathbb{R})\cong \mathrm{T}$
Schimidt
SO $(2, \mathbb{R})\cong \mathrm{T}$ $SL(2, \mathbb{R})$
2
$\mathrm{s}\mathrm{g}\mathrm{n}:[[\alpha]]_{x}arrow K^{0}$(X, $\alpha$) $\otimes \mathbb{Z}_{2}$





\mbox{\boldmath $\tau$}\in [[\mbox{\boldmath $\alpha$}]] [ $[\alpha]_{y}$ $\mathrm{s}\mathrm{g}\mathrm{n}(\tau)$ $\tau$ $[[\alpha]]_{x}$
$[[\alpha]]_{y}$
$\mathrm{s}\mathrm{g}\mathrm{n}(\tau)$










(2) $K^{0}$ (X, $\alpha$) $\otimes \mathbb{Z}_{2}$ $\mathrm{s}\mathrm{g}\mathrm{n}$ $D([[\alpha]]_{0})$
$\mathrm{s}\mathrm{g}\mathrm{n}(\tau)=0$ $\tau=\tau_{1}\tau_{2}$ 9 $\mathrm{s}\mathrm{g}\mathrm{n}(\tau_{1})=-\mathrm{s}\mathrm{g}\mathrm{n}(\tau_{2})$






(3) $\tau\in D([[\alpha]]0)$ $\tau$ $D([[\alpha]]0)$
$x\in X$ $\gamma\tau\gamma^{-1}\tau^{-1}\in D([[\alpha]]_{x})\backslash \{\mathrm{i}\mathrm{d}\}$
$\gamma\in D([[\alpha]]_{0})$ D([[\mbox{\boldmath $\alpha$}]]x $\tau$
$D([[\alpha]]_{x})$ $x\in X$ $\tau$ $\mathrm{A}\mathrm{F}$
$D([[\alpha]]_{0})$ $D([[\alpha]]_{x})$ $D([[\alpha]]_{y})$ $\tau$
$D([[\alpha]]_{0})$
1L $(X, \alpha)$ $[[\alpha]]_{0}$
$K^{0}(X, \alpha)$ 2-divisible
$U\subset X$ $U$
first return map $\alpha_{U}$ $\alpha_{U}$ $U$
$n(x)= \min\{n\in \mathrm{N}:\alpha^{n}(x)\in U\}$
$\alpha_{U}(x)=\alpha^{n(x)}(x)$
$(U, \alpha_{U})$ .– $\mathrm{K}\mathrm{s}$
$(U, \alpha_{U})$ $(X, \alpha)$ $x\in U^{c}$
$\alpha_{U}(x)=x$ $\alpha_{U}$ $X$
\mbox{\boldmath $\alpha$} $(X, \alpha)$ $[[\alpha]]$ $I$ (\mbox{\boldmath $\alpha$}U)
1 $U$ $V$





$[[\alpha]]$ $[[\alpha]]0$ $(X, \alpha)$ ( )
$X$
$\prime \mathcal{P}$ $X$ $X$ $P$ 2
$U$ $V$ $\mathcal{P}$
$X[]^{}\llcorner$ $X$ $P$
$(\mathcal{P}^{\mathbb{Z}}, \sigma)$ $X$ $P^{\mathbb{Z}}$ $\pi$
$\alpha^{k}(x)\in\pi$(x)k
$k\in \mathbb{Z}$ $\pi(x)_{k}$ $\pi(x)$ $k$
$\sigma\pi=\pi\alpha$ $\pi$ $(X, \alpha)$ $(\pi(X), \sigma)$
$(\pi(X), \sigma)$ $P$
$[[\alpha]]$
$\gamma_{1},$ $\gamma_{2},$ $\ldots,$ $\gamma_{n\iota}$
$\gamma_{i}$
$n_{i}$ : $Xarrow \mathbb{Z}$ $\gamma_{i}.(x)=\alpha^{n_{i}(}$x)(x) $n_{i}$
$X$ $P$
$i=1,2$ , . . . , $m$ $U\in P$ $n_{i}$ $U$
$(\pi(X), \sigma)$ $\mathcal{P}$ $P$




$\pi$ $(X, \alpha)$ $\pi$ $(\pi(X),\sigma)$
13. (X, $\alpha$) $D([[\alpha]]_{0})$
$(X, \alpha)$ ( )
$(X, \alpha)$ $D([[\alpha]]_{0})$
22






$\alpha^{-1}$ (U) $U$ $\alpha$ $\alpha(U)$ $\alpha$
$\gamma_{U}\in[[\alpha]]$
$\gamma_{U}^{3}=\mathrm{i}\mathrm{d}$ $\gamma u\in[[\alpha]]0$ $\gamma u$
3 (123) (123) $(2 3)(12)(23)(12)$
$\gamma u\in D([[\alpha]]_{0})$
14. $D([[\alpha]]_{0})$ $\gamma u$
Proof. $x,$ $y\in X$ 2 9 $D([[\alpha]]_{0})$
$D([[\alpha]]_{x})$ $D([[\alpha]]_{y})$ $D([[\alpha]]_{x})$ $\gamma u$
$D([[\alpha]]_{x})$





$\gamma u$ $\gamma u$ $\gamma v$
$U$
$V$ $W$ $\gamma w$









(1)(X, $\alpha$ ) $K^{0}(X, \alpha)/2K^{0}(X, \alpha)$
(2) $[[\alpha]]0$
(3) $[[\alpha]]$
$[[\alpha]]0/D([[\alpha]]_{0})\cong K^{0}$ (X, $\alpha$ ) $/2K^{0}(X, \alpha)$ $[[\alpha]]/[[\alpha]]_{0}\cong \mathbb{Z}$
$\circ$
5
$(X, \alpha)$ $(X, \alpha)$
$\pi\in \mathrm{A}\mathrm{u}\mathrm{t}([[\alpha]])$ 3 $F:Xarrow X$
$\tau\in[[\alpha]]$ $\pi(\tau)=F\tau F^{-1}$ $\alpha$ $F\alpha F^{-1}$ $X$
$[[F\alpha F^{-1}]]=F[[\alpha]]F^{-1}=[[\alpha]]$
Boyl\leftarrow [BT] $\gamma\in[[\alpha]]$ .b
$\gamma F\alpha F^{-1}\gamma^{-1}=\alpha$ $\gamma F\alpha F^{-1}\gamma^{-1}=\alpha^{-1}$
$C^{\pm}(\alpha)=$ { $\gamma\in$ Homeo(X) : $\gamma\alpha\gamma^{-1}=\alpha$ or $\alpha^{-1}$ }
$\gamma F\in C^{\pm}(\alpha)$ $F$ $\gamma^{-1}\in[[\alpha]]$
$C^{\pm}(\alpha)$
$\alpha$ $C^{\pm}(\alpha)$ $\mathbb{Z}\alpha$
$C^{\pm}(\alpha)\cap[[\alpha]]=\mathbb{Z}\alpha$ $[[\alpha]]$ Out([[\mbox{\boldmath $\alpha$}]])
$C^{\pm}(\alpha)/\mathbb{Z}\alpha$
$[[\alpha]]0$ . $\mathrm{O}\mathrm{u}\mathrm{t}([[\alpha]]_{0})$ $C^{\pm}(\alpha)$
Boyle- $F\alpha F^{-1}\in[[\alpha]]$
$\alpha\in[[F\alpha F^{-1}]]$ $\alpha$ $[[\alpha]]_{0}$
$x\in X$ . $U$ $\tau\in[[\alpha]]_{0}$ $\alpha|U=\tau|U$






3 $D([[\alpha]])$ 3 $D([[\alpha]])$
[S]
[GPS] $D([[\alpha]])$
17. $D([[\alpha]])$ Out $(D([[\alpha]]))$ $(K^{0}(X, \alpha)/2K^{0}(X, \alpha))\aleph C^{\pm}(\alpha)$
$\eta\in C^{\pm}(\alpha)$ $[f]\in K^{0}(X, \alpha)/2K^{0}(X, \alpha)$
$\eta^{*}([f])=[f\eta^{-1}]$
Proof. $\pi\in \mathrm{A}\mathrm{u}\mathrm{t}(D([[\alpha]]))$ $F$ : $Xarrow X$
$F$ $[[\alpha]]$ $C^{\pm}(\alpha)$ Aut([[\mbox{\boldmath $\alpha$}]])
$[[\alpha]]_{0}/D([[\alpha]])$ $K^{0}(X, \alpha)/2K^{0}$ (X, $\alpha$)
6 $ffi\rfloor$
Sturmian $\theta\in[0,1)$
$[0, 1)$ $\theta$ $R_{\theta}$ ([0, 1), $R_{\theta})$
$\pi$ : $[0,1)arrow\{0,1\}$ $t\in[0, \theta)$ $\pi(t)=0_{\text{ }}t\in[\theta, 1)$ $\pi(t)=1$
$\text{ }X\text{ }$
$\{(\pi(R_{\theta}^{n}(t))_{n\in \mathbb{Z}} : t\in[0,1)\}$
$\{0, 1\}^{\mathrm{Z}}$ $\alpha$ $X$ $(X, \alpha)$
Sturmian
$K^{0}(X, \alpha)$ $\mathbb{Z}\oplus \mathbb{Z}$ ( Z\oplus Z
$[[\alpha]]_{0}/D([[\alpha]]_{0})$ $\mathbb{Z}_{2}\oplus \mathbb{Z}_{2}$ ( $D([[\alpha]]_{0})$ )
$(X, \alpha)$ $[[\alpha]]_{0}$ $D([[\alpha]]_{0})$
$\alpha$ $\alpha$
$t\mapsto-t$
2 $\sigma\in \mathrm{H}\mathrm{o}\mathrm{m}\mathrm{e}\mathrm{o}(X)$ $\sigma\alpha\sigma=\alpha^{-1}$
25
$C^{\pm}(\alpha)\cong \mathbb{Z}\mathrm{x}\mathbb{Z}_{2}$ $\mathrm{O}\mathrm{u}\mathrm{t}([[\alpha]]_{0})\cong \mathbb{Z}\aleph \mathbb{Z}_{2}$ $\mathrm{O}\mathrm{u}\mathrm{t}(D([[\alpha]]_{0}))$
$\mathbb{Z}_{2}\oplus \mathbb{Z}_{2}\oplus \mathbb{Z}n\mathbb{Z}_{2}$
[BT] Boyle, M.; Tomiyama, J.; Bounded topological orbit equivalence and $C^{*}-$
algebras, J. Math. Soc. Japan 50 (1998), 317-329.
[D] Dye, H.; On groups ofmeasure preserving transformations $II$, Amer. J. Math.
85 (1963), 551-576.
[GPS] Giordano, T.; Putnam, I. F.; Skau, C. F.; Full groups of Cantor minimal
systems, Israel J. Math. 111 (1999), 285-320.
[M] Matui H.; Some remarks on topological full groups of Cantor minimal sys-
terns, preprint. math.$\mathrm{D}\mathrm{S}/0404117$ .
[S] Skau, C. F.; Orbit stmcture of topological dynamical systems and its invari-
ants, Operator algebras and quantum field theory (Rome, 1996), 533-544,
Internat. Press, Cambridge, MA, 1997.
